Various commercial assays have recently been developed for detecting glutamate dehydrogenase (GDH) and/or toxin A/B to diagnose Clostridioides difficile infection (CDI). We compared the performance of two assays for the simultaneous detection of C. difficile GDH and toxin A/B, using 150 stool samples: C. DIFF QUIK CHEK COMPLETE (QCC; TechLab, Blacksburg, VA, USA) and RIDASCREEN Clostridium difficile GDH (RC-GDH) and Toxin A/B (RC-Toxin A/B; R-Biopharm, Darmstadt, Germany). For GDH detection, QCC and RC-GDH showed satisfactory sensitivity (95.7% and 94.3%, respectively) and specificity (92.5% and 93.8%, respectively) compared with C. difficile culture. For toxin A/B detection, QCC showed higher sensitivity than RC-Toxin A/B (60.0% vs 33.3%, P < 0.001) compared with toxigenic C. difficile culture. When the results of QCC or RC-GDH+RC-Toxin A/B were used as the first step of a two-step algorithm for diagnosing CDI, QCC permitted more accurate discrimination than RC of positive or negative results for CDI (77.3% and 65.3%, respectively). QCC is useful for the simultaneous detection of C. difficile GDH and toxin A/ B as a part of the two-step algorithm for diagnosing CDI.
Clostridioides difficile is the major causative agent of healthcareassociated diarrhea [1] [2] [3] . Cell cytotoxicity assays and toxigenic C. difficile culture (TC) have been regarded as the gold standards for diagnosing C. difficile infection (CDI) [4, 5] . However, a multiple-step algorithm for CDI diagnosis that includes a glutamate dehydrogenase (GDH) assay and toxin A/B assay as a screening test, along with a nucleic acid amplification test (NAAT), has recently been recommended [6, 7] .
Several commercial assays have recently been developed for detecting GDH and/or toxin A/B. C. DIFF QUIK CHEK COMPLETE (QCC; TechLab, Blacksburg, VA, USA), a lateral flow membrane immunoassay, tests for both GDH (QCC-GDH) and toxin A/B (QCC-Toxin A/B) simultaneously in one cartridge. RIDASCREEN (RC; R-Biopharm, Darmstadt, Germany) is a widely used enzyme immunoassay performed using a 96-well microwell plate per batch for RIDASCREEN Clostridium difficile GDH (RC-GDH) and RIDASCREEN Clostridium difficile Toxin A/B (RC-Toxin A/B) separately. We compared the performance of these two assays for the simultaneous detection of GDH and toxin A/B.
We used 150 stool samples submitted to the clinical microbiology laboratory at Samsung Medical Center, Seoul, Korea, from April 2017 to May 2017, including 101 consecutively collected and 49 preselected samples. This study was approved by the Institutional Review Board (IRB) of Samsung Medical Center (IRB No. SMC 2018-03-050). After routine testing, residual samples were stored at 2-8°C for processing within 72 hours and frozen at -70°C for further processing and evaluation.
TC was performed to confirm the presence of C. Difficile. All stool samples were inoculated on a chromogenic agar plate (CH-ROMID C. difficile agar; BioMérieux, Marcy l'Etoile, France) and incubated anaerobically at 35°C for 24-48 hours. Gray to black colonies grown on the agar were investigated by Gram staining and tested for the production of proline-aminopeptidase using a PRO disk K1532B (Key Scientific Products, Inc., Stamford, TX, USA) [8] . Next, toxin gene PCR was performed with all C. difficile isolates. Briefly, DNA was extracted using more than five colonies by the MagNA Pure 96 kit (Roche Diagnostics, Mannheim, Germany), according to the manufacturer's protocol. Multiplex PCR was performed targeting the tcdA (toxin A), tcdB (toxin B), and triose phosphate isomerase (tpi; a C. difficile-specific housekeeping gene) using NK2/NK3 (tcdA), NK104/NK105 (tcdB), and tpi primers, respectively [9] [10] [11] .
All stool samples were tested for the presence of GDH antigen and toxin A/B by QCC and RC according to the manufacturers' instructions. In brief, for QCC, a 500-μL mixture comprising a 25-μL stool sample with diluent and conjugate (TechLab) was transferred to the device sample well. After incubation for 15 minutes at 20-25°C, wash buffer was added, followed by addition of the substrate (TechLab) to the reaction window. Results were read after 10 minutes. The presence of GDH and/or toxins was indicated by the appearance of a color bar in the appropriate detection zone. The RC-GDH and RC-Toxin A/B tests were carried out sequentially using separate reagents. A total of 100 μL of stool sample with biotinylated anti-GDH and toxin A/B antibodies was transferred to each sample well and incubated for 60 minutes at 20-25°C. After washing with washing buffer five times, streptavidin poly-peroxidase conjugates were added and then incubated for 30 minutes. A fter washing, the substrates were added, followed by 15-minute incubation and the addition of a stop reagent. The concentrations of GDH and toxin A/B were measured at a dual wavelength of 450/630 nm using an automated immunoassay system, GEMINI (STRATEC Biomedical, Birkenfeld, Germany) [12] .
The sensitivity and specificity of each enzyme immunoassay for GDH were calculated against the results of C. difficile culture, and those for toxin A/B were calculated against the results of TC as a reference method. McNemar's test was used to compare sensitivity and specificity between QCC and RC. Cohen's kappa was computed to evaluate the inter-assay agreement between QCC and RC (agreement: < 0.4, poor; 0.4-0.75, fair to good; > 0.75, excellent). Analyses were performed using SPSS version 24 (IBM Corp., Armonk, NY, USA). P < 0.05 was considered statistically significant. We also investigated the performance of two-step algorithm for diagnosis of CDI by conducting simulations with the results of QCC and RC-GDH and Toxin A/B.
Among the 150 stool samples, 70 C. difficile isolates were obtained in culture, 60 of which (85.7%) were toxigenic C. difficile. For GDH, 73 and 71 samples were positive according to QCC-GDH and RC-GDH, respectively (Table 1) . QCC-GDH and RC-GDH showed overall excellent agreement. The positive and neg- Discordant results between QCC-GDH and RC-GDH were observed for eight samples. A total of five results were QCC-GDHpositive and RC-GDH-negative, and two of them were confirmed to be positive on C. difficile culture. Of the three QCC-GDH-negative and RC-GDH-positive results, one was confirmed to be positive by C. difficile culture. In comparison with C. difficile culture, QCC-GDH and RC-GDH assays showed comparable diagnostic sensitivity and specificity (Table 1) . For toxin A/B detection, 41 and 21 samples were positive according to QCC and RC-Toxin A/B, respectively ( Table 2 ). QCC and RC-Toxin A/B showed overall fair to good agreement. The positive and negative percent agreement was 95.3% (95% CI, 74.1-99.8%) and 83.7% (95% CI, 76.0-89.4%), respectively. In comparison with TC, the QCC-Toxin A/B assay showed higher sensitivity than the RC-Toxin A/B assay (P < 0.001); however, specificity did not significantly differ between the two assays (P = 0.125; Table 2 ).
In the two-step algorithm for diagnosis (Fig. 1) [6, 13] , when QCC was used as an initial screening test, no further tests were needed for 116 of 150 (77.3%) samples. When RC-GDH and Toxin A/B were used as an initial screening test, no further tests were needed in 98 of 150 (65.3%) samples.
Overall, QCC-GDH and RC-GDH showed satisfactory performance in detecting GDH, with sensitivities and specificities in the range of previous reports (81.0-100% and 82.0-94.8%, respectively) [14, 15] . QCC-Toxin A/B showed a sensitivity of 60%, which accords with previous reports of a wide range of sensitivity, from 29% to 79% [6, 13] . However, the sensitivity of RC-Toxin A/B was relatively low at 33.3%, below that of previous reports showing a narrow range of 48-67%, despite the same test procedure [12, 13, 16, 17] . One GDH-negative but toxin A/ B-positive sample was identified by both QCC and RC. Since this sample was determined to be negative by TC, it was designated as a toxin A/B false-positive result. The most likely explanation for this discrepancy is cross-reactivity to toxins formed by other clostridial species, such as C. sordellii, which produce tox- Step 1: GDH and Toxin A/B (N = 150)
Step 2: perform NAAT or TC ins that are antigenically similar to those of C. difficile [18] . Because no single test is suitable as a stand-alone test, the use of a multiple-step algorithm for CDI diagnosis is recommended in clinical laboratories [6, 19] . Simultaneous detection of both GDH and toxin A/B is less time-consuming than conventional TC and has the advantage of being able to quickly and accurately discriminate negative cases as a screening test. The use of QCC and RC as the first step in a two-step algorithm eliminated the need for secondary testing in 77.3% and 65.3%, of the samples, respectively. In particular, QCC has the advantage that samples can be analyzed individually and do not need to be batched. However, RC is suitable for high-throughput batch testing in laboratories that require analyses of large numbers of samples.
In summary, as QCC-Toxin A/B is significantly more sensitive than RC-Toxin A/B for identifying toxin producers, QCC is useful for simultaneous detection of GDH and toxin A/B in the first step of the two-step algorithm for diagnosing CDI.
